Quantitative changes in tumor metabolism, partial pressure of oxygen, and radiobiological oxygenation status postradiation.
Hypoxia is considered to be a major cause of tumor radioresistance. Reoxygenation of previously hypoxic areas after a priming dose of radiation is associated with an increase in tumor radiosensitivity. In a study of a hypoxic mammary carcinoma, 31P nuclear magnetic resonance spectra showed statistically significant increases in metabolite ratios (phosphocreatine/Pi and nucleotide triphosphate/Pi) after 65 and 32 Gy. The maximum changes in metabolite ratios after 32 Gy occurred at 48 h, although significant changes were detected at 24 h. A corresponding increase in the mean tumor pO2 (polarographic microelectrode measurements) and a decrease in hypoxic cell fraction [changes in paired (clamped versus unclamped) tumor control dose for 50% of tumors] were also shown to occur 48 h after a priming dose of 32 Gy. A significant increase in the mean tumor pO2, phosphocreatine/Pi, and nucleotide triphosphate/Pi, compared to initial values, was noted at 24, 48, and 96 h post 65-Gy radiation. An increase in the downfield component of the phosphomonoester peak relative to the upfield component (phosphoethanolamine), is also noted after doses of 65 and 32 Gy. These are likely to be due to cell kill and/or decreased cell proliferation. In this tumor model, 31P nuclear magnetic resonance spectroscopic changes postradiation are temporally coincident with and may be indicative of tumor reoxygenation as measured by the tumor control dose for 50% of tumors and oxygen-sensitive microelectrodes.